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AMENDED CLAIMS 




1 . (original) A method of improving the efficiency o|a synchronous mirror delay circuit 
comprising: 

providing a clock input signal (CIN), an inverted clock input signal (CIN') and a 
clock delay signal (CDLY); 

detecting a plurality of phases of CIN and CDLY based on timing conditions 



associated with CIN and CDLY; and jj ^X^v^^ 



selectively inputting CIN or CIN' iiito/^ synchronous mirror delay (SMD) based 



on the phase of CIN and CDLY to reduce a number of required delay stages in the SMD. 

I 

2. (original) The method of claim 1 wjierein the timing conditions include a period of 

CIN (tck) and a period from a rising edge in plIN to a rising edge in CDLY (tmdi) and wherein the 

/ 

selectively inputting step includes inputting/ciN into the SMD when tmdi > tck/2 and inputting 

.11 

'.V 

CIN' into the SMD when tmdi < tck/2 to reduces the number of required delay stages in the SMD. 

i 

•■/ 
,/ 

3. (original) The method of claim 2 wherein the number of delay stages in the SMD is 

/ 

reduced substantially in half. ' 



4. (original) The method of claim 2 wherein the SMD has a plurality of delay lines and 
wherein the number of delay stages jin at least one of the SMD delay lines is reduced 



substantially to 59 from 128. 
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5. (original) A method of improving the efficiency of a synchronous mirror delay circuit 

/ 

comprising the steps of: 

providing a clock input signal (CIN)/an inverted clock input signal (CIN') and 

clock delay signal (CDLY), each signal having timing characteristics; 

interposing a phase detector and selection system between an external clock 
^ I' 
signal and i synchronous mirror delay circuit; r 

determining which of a number of phases the signals are m based on the timing 

li / 

characteristics; and // 

II 

selectively directing the signals based upon the phase of the signals. 



6. (original) The method of clairn 5 wherein the selectively directing step includes 



selectively directing CIN or CIN' to theVsynchronous mirror delay based upon the timing 
characteristics of CIN and CDLY. 



7. (original) The method of claim 5 wherein the selectively directing step includes 
bypassing CIN or CIN' from the synchronous mirror delay based upon the timing characteristics 
of CIN and CDLY. / 
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/ 

8. (original) The method of claim 5 further including defining the timing characteristics 
as a period of CIN as tck and defining a period from a rising edge in CIN to a rising edge in 
CDLY as tmdi? and wherein the determining steps includes determining that the phases include: 

a first phase when tmdi > tck/2; 

a second phase when tmdi < tck/2; 

a third phase when tmdi tck; 

a fourth phase when tmdi = tck/2. 



9. (original) A method of reducing a number of effective delay stages in a synchronous 

h 

mirror delay (SMD), the method comprising^/ 

providing an internal clock signal (CIN), an inverted internal clock signal (CIN') 
and a clock delay signal (CDLY) having timing characteristics; 

differentiating, with a phase detector, a plurality of phases based upon the timing 
characteristics of CIN and CDLY; and 

selecting, based on the phases, one of CIN and CIN' to be input into^^ 
synchronous mirror delay, thereby reducing the effective delay stages in the SMD. 
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10. (original) A method of reducing a number (fi effective delay stages in a synchronous 
mirror delay (SMD), the method comprising: 

providing an internal clock signal (CiN), an inverted internal clock signal (CIN') 
and a clock delay signal (CDLY) having timing characteristics; 

determining a plurality of phases J^ased upon the timing characteristics of CIN and 

CDLY; 

for at least one phase, directing CIN' into the synchronous mirror delay such that 

. / 

a reduced number of delay stages are achieved. 



1 1 . (original) The method of claim 1 0 wherein the timing characteristics define a period 

/ 

of CIN as tck and also define from a rising edge in CIN to a rising edge in CDLY as tmdi, and 
wherein the directing step occurs wh^ tmdi < tck/2. 
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12. (currently amended) Th e m e thod of claim 1 lifurthor including the stops of: 

multipl e xing an input with an input s e l e c:tion multipl e xor to s e l e ct wh e th e r to 
dir e ct th e CIN or CIN' into th e SMD, bas e d on th e ph^ e d e t e rmin e d in th e d e t e rmining st e p; and 

multipl e xing, with an output s e l e ction multipl e xor, an output of the input 
s e l e ction multipl e xor with an SMD output, th e outpu/ s e l e ction multipl e xor s e l e cting wh e th e r to 
output, bas e d on th e phas e d e t e rmin e d in the d e t e rmining st e p, th e SMD output or CIN 



bypassing th e SMD, as an input to a clock tr ee to gen e rate an int e rnal clock signal. 

A method of reducing a number of effectivl delay stages in a synchronous mirror_delay 
rSMDi the method comprising: 

al providing an internal clock signal rcn|\ an inverted internal clock signal fCIN'l and 
a clock delay signal rCDLyi having timing characteristics: 

b^l determining a plurality of phases based upon the timin g characteristic s of CIN and 

CDLY: 

c) for at least one phase, directing CllSf' into the SMD such that a reduc ed number of 
delay stages are achieved: 

wherein the timing characteristics define a period of CIN as t ^i. and also define from a 
rising ed ge in CIN to a rising ed ge in CDLY as tmHt and wherein the directing step occurs when 

tmdl^Jck/2; 

d) multiplexing an input with an input selection multiplexor to select whether to direct the 
CIN or CIN' into the SMD. based on the phase determined in the determining step: and 

e) multiplexing, with an output selection multiplexor, an output of the input selection 
multiplexor with a SMD output, the outt)ut selection multiplexor selecting whether to output. 
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based on the phase determined in the determining step, the SIVhI output or CIN by passing the 
SMD. as an input to a clock tree to generate an internal clock^signal. 

// 

13. (original) A memory device comprising: I 

a synchronous mirror delay (SMD) circuit; and 



a phase detector connected to the SMD / the phase detector receiving a clock input 

'i 

signal and a clock delay signal, the clock input signal' (CIN) and the clock delay signal (CDLY) 

/ . . 

each having timing characteristics, the phase detector outputting a pair of branches each having a 
logical level, wherein the logical levels of the branches define a plurality of conditions of the 
clock input signal and the clock delay signal based on the timing characteristics, and wherein at 



least one of the conditions reduces a number of effective delay stages in the SMD. 

/ 



14. (original) The circuit of claim 4i wherein the timing characteristics include a period 
of CIN defined as tck and a rising edge from CIN to a rising edge in CDLY is defined as tmdi; and 

/ 

wherein a first phase is when tmdi > tck/2; 



wherein a second phase, is when tmdi < tck/2; 



wherein a third phase,/is when tmdi = tck; and 
wherein a fourth phase is when tmdi = tck/2. 



15. (original) The circuit/of claim 14 wherein when tmdi < tck/2 the number of effective 

ll 

delay stages in the SMD is comparable to when tmdi ^ tck/2. 
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16. (original) The circuit of claim 14 wherein the npnber of effective delay stages when 
tmdi < tck/2 is reduced by substantially one-half. 

17. (original) The circuit of claim 14 wherein t^e number of effective delay stages when 
tmdi ^ tck/2 is reduced from 128 to substantially 59. 

18. (original) A synchronous mirror delay system comprising: 

/■ 

a synchronous mirror delay (SMD); and 

a phase detector associated with the SMD, the phase detector receiving a clock 
input signal (CIN) and a clock delay signal (CDLY), the CIN and the CDLY each having timing 
characteristics, the phase detector outputting a pair of branches each having a logical level, 
wherein the logical levels of the branches defifie a plurality of conditions based on the timing 
characteristics of CIN and CDLY, and wherein at least one of the conditions reduces the number 
of effective delay stages in the SMD; 

wherein the timing characteristics define a period of CIN as tck and also define a 
period from a rising edge in CIN to a rising edge in CDLY as tmdi, and wherein the plurality of 
conditions include: ; 

a first phase when tmdi > tck/2; 

a second phase when tmdi,'< tck/2; 

a third phase when tmdi ^< tck; and 

a fourth phase when tmdi = tck/2; 

I 

wherein the number of/effective delay stages in the second phase is reduced; and 



wherein in the third arid fourth phases, CIN bypasses the SMD. 
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19. (currently amended) A synchronous mirror dela)| circuit for use with an external 
clock signal comprising: 

an input buffer having an input connect e d tq^ for receiving the external clock 

7 

signal and an output conn e ct e d to related to a clock input signal (CIN), an inverted clock input 
signal (CIN') and a clock delay signal (CDLY) each having timing characteristics; 



a synchronous mirror delay (SMD) having a measurement delay line input for 
connection to a measurement delay line, a measurement delay line output connected to a variable 
delay line input for connection to a variable delay lin/, the variable delay line including a 
variable delay line output; and 

a phase detector disposed between^the input buffer and the synchronous mirror 
d e lay SMD , the phase detector having a first input for receiving the CIN, a second input for 



receiving the CDLY, the phase detector generating one of a plurality of output signal 



combinations, each combination correspondin'g to a phase of the CIN and CDLY signals based 



on the timing characteristics, a CDLY SMD input connected to the measurement delay line 

^1 ... 

input, and an § SMD output connected to the variable delay line output, the § circuit selectively 

/ 

inputting CIN or CIN' as a CIN SMD input based on the phase of the signals, and wherein at 
least one of the phases reduces a number of effective delay stages of the SMD. 



20. (original) The circuit of claim 19 wherein the timing characteristics define a period 

ll 

of CIN as tck and also define a period from a rising edge in CIN to a rising edge in CDLY as tmdi. 



and wherein when tmdi < tck/2, CIN' is|(nput into the SMD and when tmdi > tck/2 CIN is input into 
the SMD. 
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21. (original) The circuit of claim 20 wherein the nun^^er of effective delay stages in the 
SMD when tmdi < tck/2 is reduced. 

// 

22. (original) The circuit of claim 20 wherein the number of effective delay stages in the 
SMD when tmdi < tck/2 is reduced from 128 to substantiall)^^9. 



23. (original) A synchronous mirror delay system comprising: 
a synchronous mirror delay (SMD); and^ 

a phase detector in operational association with the SMD, the phase detector 



receiving a clock input signal (CIN) and a clock delay signal (CDLY), the CIN and the CDLY 



each having timing characteristics, the phase detector outputting a pair of branches each having a 
logical level, wherein the logical levels of the branches define a plurality of conditions based on 

ll 

the timing characteristics, and wherein a number of effective delay stages of the SMD is reduced. 



24. (original) The system of claim 23 /wherein under one condition the number of 
effective delay stages is reduced by substantially one-half . 

ij 

1 
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/ 

25. (currently amended) The system of claim 23 wherein the timing characteristics 

I 

d e fin e s define a period of CIN as tck and also define from a risihg edge in CIN to a rising edge in 

/ 

CDLY as tmdi, and wherein the plurality of conditions include. 

/ 

a first phase when tmdi > tck/2; 
a second phase when tmdi < tck/2; 
a third phase when tmdi = tck; and 
a fourth phase when tmdi = tck/2; and 

wherein in the second phase, the numb^er of effective delay stages of the SMD is 

/! 

reduced. // 

// 

/ 

26. (currently amended) A phase detection and selection circuit comprising: 

// 

a phase detector for receiving a clock input signal (CIN) , an inv e rted clock input 

li 

signal (CnSf') and a clock delay signal (CDLY); each signal having timing conditions, and 
generating a plurality of output signal combin4tions, each combination based upon the timing 
conditions; and 



logic associated with the phase detector to select one of the output signal 



combinations corresponding to the timing/conditions of the signals; and 

j! 

wherein the § phase detection and selection system selectively feeds CESf or m 



inverted clock input signal rCIN') CIN' /into a synchronous mirror delay upon which Ihg plurality 

... I 

of output signal combinations is generated and wherein a number of effective delay stages is 



reduced. 
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27. (original) The circuit of claim 26 wherein the timing characteristics include a period 

to a rising edge in CDLY is defined as tmdi; and 



of CIN defined as tck and a rising edge from CIN 

wherein the phases include: 

a first phase when tmdi ^ tck/2; and 
a second phase when tmdi < tck/2; and^ 
a third phase when tmdi tck; and 
a fourth phase when tmdi = tck/2. 




28. (original) The circuit of claim 2? wherein the number of effective delay stages is 




reduced. 



29. (original) The circuit of claim 27 wherein number of effective delay stage is reduced 
substantially by one-half. 




30. (original) The circuit of claim 27 wherein the number of effective delay stages in the 

/ 

SMD when tmdi < tck/2 is reduced from 128 to substantially 59. 

3 1 . (canceled) 

32. (canceled) j 

33. (canceled) 
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34. (original) A system comprising: 
a processor; 
a memory controller; 
a plurality of memory devices; 

a first bus interconnecting the processor and the memory controller; 
a second bus interconnecting the memory controller and the memory devices; 
each of the memory devices having: 
a synchronous mirror delay (SMD) circuit; 

a phase detector for receiving a clock input signal (CIN) and a clock delay signal 
(CDLY), each signal having timing conditions, and generating a plurality of output signal 
combinations, each combination corresponding to phases of the signals based upon the timing 
conditions; and 

logic associated with the phase detector to select one of the output signal 
combinations corresponding to the timing conditions of the signals; and 

wherein the timing conditions include a period of CIN (tck) and a period from a 
rising edge in CIN to a rising edge in CDL Y (tmdi) and wherein inputting CIN into the SMD 
when tmdi > tck/2 and inputting CIN' into the SMD when tmdi < tck/2 reduces a number of delay 
stages in the SMD. ^ 
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(canceled) 


59. 


(canceled) 


60. 


(canceled) 


61. 


(canceled) 


62. 


(canceled) 


63. 


(canceled) 


64. 


(canceled) 


65. 


(canceled) 


66. 


(canceled) 


67. 


(canceled) 


68. 


(canceled) 


69. 


(canceled' 


70. 


(canceled' 


71. 


(canceled) 


72. 


(canceled' 


73. 


(canceled) 


74. 


(canceledi 


75. 


(c.ceJ 
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